Introduction
Animating the motion of a realistic crowd of pedestrians has been an important goal in the field of computer graphics, video games and movies. Pedestrians in the real world seem to consider not only collision avoidance but also interaction with other pedestrians. Thus, it is required to develop pedestrian models that produce humanlike behavior which includes social interactions such as giving-way in order to simulate the realistic motion of pedestrians. Human behaviors and activities have been studied with various approaches. Social Force Model (SFM) describes each pedestrian's motion by virtual forces from its target point, other pedestrians and surrounding environment [Helbing and Molnár 1995] . Each individual motion is described by differential equations and calculated in parallel. SFM is one of the most suitable models to simulate the motion of pedestrians and there are several extensions to simulate pedestrian behaviors in large spaces by applying some rules to SFM (e.g., [Pelechano et al. 2007] ). However, these studies treated pedestrian intention as the internal state which consists of several discrete states though the human intention in the real world is continuous and ambiguous. As a result, humanlike behaviors could not be produced when the intention of other pedestrian is unclear.
In this paper, the pedestrian model that produces humanlike behaviors by considering probabilistic intention of pedestrians is demonstrated. The pedestrian intention is represented as a superposition of orthogonal states that correspond to behaviors such as givingway and directing to the goal. We also propose a new method to predict the pedestrian motion by the inverse calculation of SFM.
Approach
It must be necessary to take into account probabilistic intention of pedestrians and estimate other's intention by long-term prediction of other's motion, in order to realize humanlike behaviors.
Introduction of probabilistic intention In our model, SFM is adapted to calculate actual motion and our model of pedestrians is designed to switch their behavior by changing subgoal that corresponds to the target point in SFM. We introduce a mechanism to select a suitable subgoal according to the probabilistic intention of the pedestrian at the moment. To introduce the probabilistic intention, this research focused on the idea of quantum information theory. Pedestrian intention is represented by quantum state |ψ * e-mail:{ibe, masuyama, yamashita, asama}@robot.t.u-tokyo.ac.jp called "intention vector." |ψ is a superposition state as follows:
where ci are complex coefficients, and |si are orthogonal states called "intention state" and they correspond to the behaviors that are mutually exclusive. |ci| 2 represents occurrence probability of |si at each step. Hence each behaviors is produced from each intention state according to the corresponding probability.
Estimation of other pedestrian intention Each pedestrian predicts the future route of other pedestrian by the inverse calculation of the SFM. Firstly, a pedestrian estimates the direction of other's subgoal from other's motion and surrounding environment by inverse calculation of SFM. Then, using the estimated direction of other's subgoal, future positions of other pedestrian is predicted sequentially by SFM. The point set of the future positions is considered as the future route. Finally, other's intention is estimated according to the evaluation value calculated along the future route from the function whose value depends on the distance between the future position at each moment and subgoals. Each pedestrian changes its intention according to the estimated intention of other pedestrian and produce the suitable behavior.
